Tunneling spectra of the intermetallic perovskite superconductor MgCNi 3 were obtained using mechanical and planar junctions prepared on polycrystalline samples. A clear gap feature corresponding to the bulk phase (T c ≈ 7.6 K) was observed. The superconducting energy gap ∆(0) was found to be approximately 1.5 meV, with 2∆/k B T c ≈ 4.6. Compared with the weak-coupling value of 2∆/k B T c ≈ 3.53, our result suggests that MgCNi 3 is a strong-coupling superconductor. We also observed an anomalous zero-bias conductance peak (ZBCP) in the tunneling spectrum below bulk T c . The physical origin of the observed ZBCP, including the possibility of a non-s-wave pairing state in MgCNi 3 , is discussed. 74.70.Ad, 74.50.+r, 74.25.Dw Typeset using REVT E X 1
Following the remarkable discovery of superconductivity at 39 K in MgB 2 [1] , intermetallic compounds have received renewed interest in the search of new superconducting materials. A new intermetallic superconductor, MgCNi 3 , with the superconducting transition temperature T c ≈ 7.5K was found recently by He et al [2] . This compound has a cubic perovskite crystal structure, with Ni, C, and Mg replacing O, Ti and Sr, for example, in the more familiar oxide perovskite SrTiO 3 . It is a unique material that bridges the intermetallic compound MgB 2 and perovskite oxide superconductors.
The superconducting energy gap ∆ of MgCNi 3 has been estimated from NMR measurements [3] , yielding a value of 2∆/k B T c ≈ 3.2. This value is less than the weak-coupling value of 3.53. On the other hand, specific heat measurements revealed a jump of ∆C/γT c = 1.9
at T c (larger than the weak-coupling value, 1.43). This result suggests moderately strong coupling, inconsistent with the NMR result. A direct determination of the energy gap based on tunneling measurements is therefore desired.
Another important issue concerns the symmetry of pairing state in this new superconductor. The electronic structure of MgCNi 3 , calculated by several groups with different methods [4] [5] [6] [7] [8] , indicated that the electronic states of MgCNi 3 at the Fermi energy (E F ) are dominated by the 3d orbitals of Ni. The derived density of states (DOS) has a sharp peak just below E F , which leads to a moderate Stoner enhancement. This signals the presence of substantial ferromagnetic (FM) spin fluctuations in MgCNi 3 [7, 8] , as confirmed by 13 C NMR measurements [3] . The presence of such FM fluctuations may favor unconventional pairing as in Sr 2 RuO 4 [8, 9] . However, the nuclear spin-lattice relaxation rate 1/T 1 obtained in NMR measurements [3] exhibited a clear coherence peak just below T c , consistent with an isotropic s-wave pairing state.
In this Letter, we report the results of tunneling spectrum measurements on MgCNi 3 .
We found the superconducting energy gap for the bulk phase with T c of 7.6 K to be approximately 1.5 meV in the zero-temperature limit, resulting in a value of 2∆/k B T c ≈ 4.6. This result suggests that MgCNi 3 is a strong-coupling superconductor. In addition, we observed an anomalous zero-bias conductance peak (ZBCP) in tunneling spectra, with features not expected from conventional Andreev reflection, or the Appelbaum-Anderson effect [10] , due to the presence of magnetic impurities.
The polycrystalline material used for this study was synthesized by solid-state reaction.
The preparation details can be found in Ref. [2] . Resistivity measurements (see the inset
of Fig. 1 ) showed that the bulk T c of this material is approximately 7.6 K. Mechanical junctions were prepared on polycrystalline samples using a sharp W tip with an end radius of about 15 µm. The sample and the W tip were held together by an insulated Cu frame, with the tip touching the sample gently. The sample surface was examined by scanning electron microscopy. The average grain size on the surface was found to be about 5 µm. As a result, the tunnel junction involved only a few MgCNi 3 grains.
Current-voltage (I − V ) characteristics, as well as junction resistance, were measured by a four-point method in a 1 K pot dip probe and a 3 He cryostat. To reduce heating, the I −V curves were measured by a dc pulsed-current method with a typical pulse duration of 50 ms followed by a 2 s delay between successive pulses. The tunneling conductance (G = dI/dV ) was computed numerically from the measured I − V curves.
More than 15 junctions were prepared, most showed similar characteristics. In Figure   1 , a set of tunneling conductance spectra, G vs. V , is displayed (Junction MCN/W #4).
The junction resistance, R J (T ), measured at 1 mA (corresponding to a voltage below 0.08 mV for T < 8 K), started to drop at the bulk T c , 7.6 K, as shown in the inset. This drop was gradual at first as temperature decreased, became steep around 3.6 K, and saturated below 2 K. Compared with the much sharper transition in the bulk resistivity, the junction resistance must have been dominated by the tunnel barrier. Therefore the voltage drop is likely to have occurred primarily at the junction interface. As the W tip touched more than one grain, the steep drop at 3.6 K may imply that grains with lower T c (<4 K) were also present on the sample surface.
As seen in the main panel of Fig. 1 , the dominant feature, a broad central peak, starts to develop at the bulk T c . This peak evolved into a spectrum of a central ZBCP with two side peaks as the temperature decreased. No other features with comparable magnitude were found in the tunneling spectrum. We therefore believe that the side peak is associated with the coherence of quasi-particles tunneling into the bulk phase of MgCNi 3 , even though the shape of the peak is quite different from the standard coherence peak expected within the BTK model [11] . Thus the characteristic energy shown by the arrows in Fig. 1 should correspond to the superconducting energy gap ∆ of the bulk phase. Although there is no side peak seen in Junction MCN/W #6, the dip feature in this junction had a smooth, clearly identifiable temperature dependence up to bulk T c , consistent with a smooth transition in R J (T ). Therefore, we associate this characteristic energy, where the G shows a sharp drop as indicated by arrows in Fig. 2 , with the superconducting gap.
The ∆(T ) at 2 K is about 1.5 meV, comparable to the characteristic energy identified for Junction MCN/W #4. Because of the presence of the ZBCP, a BTK fit [11] to extract values of ∆(T ) was not attempted. The right inset of Fig. 2 shows the temperature dependence of ∆ for this junction. For comparison, we include the ∆(T ) in the weak-coupling BCS model into this inset (dashed line). Clearly the ∆(T ) obtained as described above is higher than that of BCS at lower temperature. From the value of ∆ at 2K, we estimated the ratio of 2∆/k B T c to be around 4.6. This ratio is larger than the BCS weak-coupling value,
53, indicating that MgCNi 3 is a strong-coupling superconductor.
We have also measured tunneling spectra of planar junctions fabricated by sequential Therefore, magnetic impurities cannot be responsible for the observed ZBCP in MgCNi 3 .
Although our tunnelling spectra were obtained at a superconductor/normal-metal (S/N) interface, the observed ZBCP can not be due to conventional Andreev reflection. The values of G/G n (V = 0) (G n is the normal state zero-bias conductance at 8 K), which were found to be around 5 and 6 in the three junctions discussed above, were considerably larger than the maximum value of 2 expected for the conventional Andreev reflection [11] .
Another mechanism for the ZBCP that is particularly relevant to our experiment is related to Josephson-coupling effects. The junctions we used for this study were prepared on Can the observed ZBCP be due to the surface mid-gap Andreev Bound states (ABSs) [13, 14] of a non-s-wave superconductor? ABSs arise from quantum interference during the Andreev reflection at the surface of an unconventional superconductor where the scattered quasi-particles experience a phase change. ABSs manifest as a ZBCP, as observed in dand p-wave superconductors [15] [16] [17] [18] . We note that the side peak in the spectrum of Fig.   1 , which we have argued to be associated with the coherence peak, has a shape different from the sharp peak expected from the BTK model [11] . This may suggest a spectral weight transfer, as observed in d or p-wave superconductors [16, 19] . We have estimated the spectral weight of central ZBCP and side peak by integrating G/G n in the ranges of V shown in the inset of Fig. 5 . A clear dip feature in the spectrum allows a self-consistent identification of upper and lower limits for the integration of the spectrum for T =0.8, 1.5, 2.0 and 2.5 K. The estimated spectral weight is shown in the main panel of Fig. 5 . A spectral-weight transfer from the side peak to the ZBCP is clearly seen with decreasing temperature. Therefore, the presence of surface ABSs appears to be a plausible physical origin for the observed ZBCP, which would suggest an unconventional pairing state in MgCNi 3 .
We now compare our results obtained in tunneling measurements with those obtained in the NMR measurements [3] . The ratio of 2∆/k B T c obtained from the exponential fit of the temperature dependence of 1/T 1 (measured at 0.45 T) is around 3.2 [3] , which is smaller than the tunneling result shown above. In principle, the most reliable ∆ value should be obtained by the fit of 1/T 1 to temperatures much lower than T c to avoid the crossover regime. However, the 1/T 1 fit in Ref. [3] was extended only down to 2.5 K. Below this temperature, the 1/T 1 became saturated. This saturation behavior was ascribed to the flux avalanche effect. If the diminished temperature range resulted in a low estimate of ∆, then these NMR data and the present tunneling results might be reconciled. As mentioned above, we also observed a saturation behavior in our tunneling measurements even in zero magnetic field: The zero-bias conductance dI/dV (V =0) was found to saturate also below 2.5K (dI/dV (V =0) ≈ constant for T < 2.0 K). Whether the saturation observed in ZBCP and that in 1/T 1 are related to one another is to be resolved.
As pointed earlier, NMR measurements revealed a coherence peak in 1/T 1 just below T c [3] , which appears to suggest that MgCNi 3 is an s-wave superconductor. This seems to directly contradict our suggestion that the ZBCP observed in our tunneling measurements is due to the presence of ABSs. More experiments are clearly needed to reconcile the apparently opposite indications offered by these two types of measurements. If the pairing symmetry in MgCNi 3 turns out to be indeed s-wave, then our observation of the anomalous behavior in the ZBCP is still of interest as it demands a new model for the ZBCP within the framework of s-wave superconductivity.
In summary, we have carried out tunneling spectroscopy measurements of the newly discovered intermetallic perovskite superconductor MgCNi 3 . We found a clear gap feature corresponding to the bulk phase with T c of 7.6 K in the tunneling spectra. The ratio of 2∆(T = 2K)/k B T c was estimated to be 4.6, suggesting strong-coupling superconductivity in MgCNi 3 . We also observed an anomalous ZBCP with a G/G n (V = 0) value as high as 6. In addition, for the tunneling spectra showing a coherence peak, a transfer of spectral weight from the coherence peak to the ZBCP was identified. These results appear to suggest that a non-s-wave pairing symmetry might be a viable scenario for 
